The adenosine triphosphate3 of Thiobacillus thiooxidans is of special interest because LePage and Umbreit (1943b) presented evidence that it differs from the adenosine triphosphate of other organisms by having the phosphate groups attached to the 3' instead of the 5' position of adenosine. All other bacteria and higher organisms so far examined contain adenosine-5'-triphosphate (5'-ATP). Since diphosphopyridine nucleotide, triphosphopyridine nucleotide (Kornberg, 1950) , flavin adenine dinucleotide (Schrecker and Kronberg, 1950) , and coenzyme A (Novelli, 1953) are known to be formed from adenosine-5'-triphosphate in such a way as to preserve the original ribose-phosphate linkage, the existence of an unusual type of adenosine triphosphate in thiobacilli would imply also the presence of new types of these and probable other nucleotides.
Because of the theoretical importance of an unusual type of adenosine triphosphate, a reinvestigation of the compound present in T. thiooxidans seemed desirable, particularly in view of the fact that substantial improvements in the techniques of isolation and characterization of nucleotides have been made in recent years. Our results show that T. thiooxidans con- a The following abbreviations are used in this paper: ATP, adenosine triphosphate (position of phosphate groups not specified); 3'-ATP, adenosine-3'-triphosphate; 5'-ATP, adenosine-5'-triphosphate; DPN, diphosphopyridine nucleotide; TPN, triphosphopyridine nucleotide; FAD, flavin adenine dinucleotide; CoA, coenzyme A; A-5'-P, adenosine-5'-phosphate; AMP, adenosine monophosphate; TCA, trichloroacetic acid; PCA, perchloric acid; OD, optical density; P7, orthophosphate released by 7 minute heating in 1 N HCI at 100 C.
tains small amounts of adenosine-5'-triphosphate and relatively large amounts of inorganic polyphosphate. No evidence for the occurrence of adenosine-2'-or 3'-triphosphate was obtained.
MATERIALS AND METHODS
Thiobacillus thiooxidan8 was obtained from Dr. R. L. Starkey. The culture medium was that used by LePage and Umbreit (1943a) in their study of the structure of the bacterial ATP. The organism was grown at 30 C in the medium described by Starkey (1925) with sulfur as an energy source and under conditions similar to those used by Umbreit et al. (1942) . Sixty liters of medium were distributed among 200 one liter Erlenmeyer flasks. To increase the rate of growth, the carbon dioxide partial pressure in the incubator room was maintained at 2 to 4 mm Hg. After 7 to 11 days of incubation the pH of the medium had decreased to 1.2 to 1.5. The medium was then cooled with ice to 10 C and filtered through cotton to remove residual sulfur. The cells were harvested with a Sharples centrifuge, washed twice with a cold solution containing 0.05 M KCI and 0.05 M NaCl, and finally resuspended in 15 ml of water. In a typical experiment approximately 1.7 g of dry weight of cells (176 mg total N) Cohn and Carter (1950) .
5'-ATP labeled with p32 in the two terminal positions was prepared from A-5'-P and P2-labeled orthophosphate using mouse liver mitochondria by the method of Kielley and Kielley (1951) . The 5'-ATP'2 was freed of A-5'-P and 5'-ADP by chromatography on a Dowex-1 chloride column and was concentrated by adsorption and elution from charcoal as described above. The initial specific activity of the ATP'2 was of the order of 10 microcuries per micromole.
A commercial preparation of adenosine-5'-phosphate was used that gave a quantitative yield of orthophosphate by hydrolysis with purified bull semen 5'-nucleotidase kindly supplied by Dr. L. Heppel (Heppel and Hilmoe, 1951b) . Adenylic acids "a" and "b" were also obtained from Dr. Heppel. P32-labeled A-5'-P was prepared from adenosine, and P32-labeled 5'-ATP by the use of a purified preparation of adenosine kinase (Kornberg and Pricer, 1951) .
5'-ATP was estimated enzymatically as described by Kornberg (1950) ; adenine by ultraviolet absorption at 260 m,u; orthophosphate, total phosphorus, easily hydrolyzable phosphate (P7), and total nitrogen by the methods described by Umbreit et at. (1949) . Inorganic pyrophosphate was estimated as orthophosphate after hydrolysis with a purified preparation of yeast inorganic pyrophosphatase supplied by Dr. Heppel (Heppel and Hilmoe, 1951a LePage and Umbreit (1943a) . These investigators prepared a trichloroacetic acid extract of the bacteria, following a preliminary alkali treatment, and fractionated the extract to give (I) a barium-insoluble (pH 8.4) fraction, (II) a barium-soluble (pH 8.4) alcohol-insoluble fraction, and (III) a barium-soluble, alcoholinsoluble fraction. Only about 3 per cent of the acid soluble organic P was found in fraction III. We used the same method of extraction and fractionation except that an additional fraction (IA) Comparison of the total P7 with the total adenine in the fractions examined shows that the ratio is 9.3 Mm P7 per uM adenine. Since the corresponding ratio in ATP is 2, most of the P7 in the extract must be in a form other than ATP.
In the fractionation of the phosphorus compounds, approximately 87 per cent of the P7 precipitated in the barium-insoluble fraction at pH 4 (fraction IA). This is indicative of the presence of inorganic poly-or metaphosphate (Jones, 1942; Mann, 1944 in fraction 3 undoubtedly represents a mixture of compounds, such as adenosine and adenylic acid, that contain not more than one phosphate group. Such compounds move rapidly down a Dowex-1 chloride column with the eluant used. A second, lower optical density peak appears in fraction 8. This is the region of the chromatogram in which diphosphate esters such as ADP should be eluted. A P32 peak is also found in this region, indicating that a little of the added 5'-ATP32 was converted to 5'-ADPn. The third optical density peak coincides with the main P32 peak in fraction 15. This obviously represents the elution of 5'-ATP'2 and bacterial ATP. The zone from fractions 11 to 16 should include 3'-ATP, if present, as well as 5'-ATP since the rate of elution is determined primarily by the number of negative charges on the phosphate groups. From the P12 content of the ATP zone it can be estimated that 0.37 umM or 79 per cent of the 0.47 Mm of ATP active in the hexokinase-glucose-6-phosphate dehydrogenase test must have been derived from the bacteria.
Identification of adenosine-'-triphosphate. The identity of the bacterial ATP in the Dowex-1 eluate fractions 11 to 16 was determined in several ways. Comparison of the quantity of ATP, determined enzymatically, with the optical density at 260 mu indicates that at least 84 per cent of the adenine is present in a compound that transfers two phosphate groups to glucose under the influence of yeast hexokinase and myokinase. This suggests that most of the ATP is 5'-ATP. However, since it is possible that 3'-ATP would also serve as a phosphoryl donor under the influence of yeast hexokinase, more definitive evidence concerning the structure of the ATP was sought. An aliquot of fractions 11 to 16 containing 0.43 Mm of ATP was converted to AMP by the use of hexokinase, myokinase, and glucose-6-phosphate dehydrogenase; 0.87 iM of TPN was reduced in the reaction. The A-5'-P content of the reaction mixture was determined after heating for 2 minutes at 100 C to inactivate the enzymes by means of purified 5'-nucleotidase. The yield of orthophosphate, determined with an accuracy of 410 per cent on a sample containing 0.0086 Mm of AMP, was 112 per cent of the theoretical value to be expected from the observed TPN reduction in the enzymatic assay for 5'-ATP. Since neither the 2'-nor 3'-adenylic acid is hydrolyzed by 5'-nucleotidase, the results demonstrate that the main or possibly the only product of enzymatic dephosphorylation of bacterial ATP is A-5'-P. This means that the bacterial ATP, which phosphorylates glucose under the influence of yeast hexokinase, is 5'-ATP.
Further confirmation of the identity of the AMP resulting from enzymatic dephosphorylation of bacterial ATP was obtained by chromatographing it with adenosine-2'-phosphate (adenylic acid "a"), adenosine-3'-phosphate (adenylic acid "b"), and a tracer amount of P3a-labeled A-5'-P on a Dowex-1 formate column, developed with 0.1 N formic acid plus 0.03 M ammonium formate. The bacterial AMP was found to move with the A-5'-P band which was well separated from the bands of the other two adenosine monophosphates. Umbreit (1943a) in TCA extracts of T. thiooxidans and the necessity of pretreatment of the bacteria with alkali to release acid soluble phosphorus suggest the presence of these compounds. Polyphosphates have been reported to be present in yeast (Wiame, 1947a; Juni et al., 1948) , fungi (Malmgren, 1952; Houlahan and Mitchell, 1948) , heterotrophic bacteria (Ebel, 1949) , and green algae (Sommer and Booth, 1938) on October 2, 2017 by guest http://jb.asm.org/ Downloaded from chromatography is undoubtedly adenosine-5'-triphosphate. This is proven by its enzymatic conversion to adenosine-5'-phosphate, identified by hydrolysis with a highly specific 5'-nucleotidase and by column chromatography on Dowex-1 formate.
Our data do not provide any evidence for the occurrence of adenosine-3'-triphosphate in T. thiooxidans although they do not exclude the presence of a smaU amount of this compound. The charcoal adsorption and elution used for concentrating nucleotides present in the PCA extract are nonspecific and should not result in preferential accumulation of 5'-ATP unless 3'-ATP were so labile as to be extensively decomposed during this procedure. We endeavored to avoid decomposition by working rapidly and keeping the temperature at or below 3 C. The first and only intentional fractionation of the nucleotides was done on the Dowex-1 chloride column. Here again the possibility of preferential hydrolysis of an unusual type of ATP cannot be excluded although it appears unlikely in view of the fact that LePage and Umbreit (1943a) exposed their product to 10 per cent TCA for 12 hours at 0 to 5 C in the course of isolation.
Our material was exposed to 0.01 N HCO for 5 to 8 hours at 3 C during chromatography. If 3'-ATP is sufficiently stable to withstand these conditions, it should appear in or near the same region of the Dowex-1 chromatogram as 5'-ATP (figure 1, fractions 11 to 16). Actually 84 per cent of the adenine in this region was accounted for as 5'-ATP. After making a correction for the added 5'-ATP'2, it can be estimated that not more than 20 per cent of the adenine of bacterial origin in this region of the chromatogram can be present in a compound other than 5'-ATP.
It is possible, though unlikely, that an unusual type of ATP might move more rapidly than 5'-ATP on a Dowex-1 column and be eluted earlier in the ADP region (figure 1, fractions 6 to 10). Unfortunately, we did not examine the adenine nucleotides in this region to determine whether they were derivatives of A-5'-P or another type of adenylic acid. However, even if all the adenine in this region were present in an unusual type of ATP, figure 1 shows that the quantity would be considerably less than that found in 5'-ATP.
In conclusion, our data indicate that adenosine-5'-triphosphate is the main if not the only type of ATP present in T. thiooxidane.
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The adenosine triphosphate of ThiobaciUus thiooxidans has been partially purified by charcoal adsorption and elution, and by column chromatography on Dowex-1 chloride. At least 80 per cent of the bacterial ATP, which moves with 5'-ATP on a Dowex-1 column, was identified as adenosine-5'-triphosphate by converting it with hexokinase and myokinase to adenosine-5'-phosphate and identifying the latter by dephosphorylation with a specific 5'-nucleotidase and by column chromatography on Dowex-1 formate. No 
